Background: Further research on pulsed electromagnetic field (PEMF) effects on the different conditions of low back pain was warranted due to lack of studies in this area. Objectives: To investigate the effects of pulsed electromagnetic field therapy with 50 Hz frequency, with low intensity of 20 Gauss compared to conventional non-invasive treatment modalities in patients with chronic non-specific low back pain. Methods: Design ---A prospective, randomized, patient-blinded, controlled trial. Setting ---The study was conducted at Outpatient Physiotherapy Clinic in Cairo, Egypt. The study was conducted between May 2015 and September 2016. Participants ---Fifty participants with nonspecific low back pain enrolled into experimental and control groups. Interventions ---The experimental group received the Conventional physical therapy Protocol as well as magnetic field, while the control group received the same Conventional physical therapy and sham electromagnetic field. Both groups received 12 sessions over 4 weeks' period. Outcome measures ---Primary outcome measures was pain intensity while the secondary outcome measures were disability and lumbar range of motion ---ROM. There were no adverse events occurred during the study. Results: Fifty participants with non-specific low back pain (control group n = 25; experimental group n = 25) were randomized. There were significant between-group differences in pain scores (mean difference ---MD 1.52; 95%CI −0.34 to 3.35), function disability (MD 8.14; 95%CI 6.5 to * Corresponding author at: Lecturer of Biomechanics, Faculty of Physical Therapy, Cairo University, Cairo, Egypt. E-mail: Hamada.Ahmed@pt.cu.edu.eg (H.A. Hamada).
Introduction
Non-specific low back pain is considered as a public health problem globally. 1 A study speculated that the lifetime prevalence of low back pain reaches 62% in adults. While, the mean point prevalence among the adults was 32%.
1,2 The lifetime of low back pain among Egyptian patients in a family center reached 48%, which indicates that low back pain is a prevalent symptom that deserves more attention. 3 Low back pain is not only recognized as a significant medical disease problem, but also regarded as a major cause for work absences in industrialized societies. 4 Both results in substantial costs for national economics and health care systems because of long lasting and cost intensive treatment options especially in chronic cases. These treatments in chronic cases include non-invasive as well as invasive or minimally invasive modalities, which are associated with high risks of adverse effects and increased morbidity. 4 The risk/benefit ratio in pharmacotherapy for low back pain conditions often does not have strength enough to persist with the drug usage. Moreover, the risk of pharmacological addition, potential side-effects, and adverse events, as well as long-term toxicity may weaken the potential benefit of the pharmacotherapy approach. 5 Despite the variety of treatments available, no modality or therapeutic approach stood out as a definitive solution.
Thus, there is still a demand for new approaches, less invasive and unlikely to provide side effects. 7 In this sense, the pulsed electromagnetic fields (PEMF) therapy can play an important role in pain relief since it is a drug-free, nonthermal, with low risk that works to enhance cellular activity healing and repair. 6 Therefore, it could be an option to the non-steroidal anti-inflammatory drugs (NSAIDs) medication, avoiding several potential side-effects from chronic NSAIDs usage. 6 Along with this line, many reviews have been performed to assess the PEMF effectiveness in several conditions. In this sense, PEMF therapy seems to be able to reduce the pain intensity and improve function in individuals suffering from low back pain. However, when added to a standard therapy, PEMF did not add any beneficial effect. 7 Li et al. 8 concluded that the PEMF showed moderate or no benefits in knee osteoarthritis. The PEMF showed beneficial tendency on the bone growth stimulation in acute fractures and efficient in relieving pain and enhancing bone formation in osteoporosis. 9 Further research is needed to warranty the clinical effect of PEMF in patients with low back pain. 7 So, the aim of this study was to investigate the additional effects of pulsed electromagnetic field therapy combined with conventional non-invasive treatment modalities in patients with chronic non-specific low back pain compared to conventional treatment alone.
Methods

Study design
The study was designed as a prospective, randomized, patient-blinded, placebo controlled trial. 
Participants
A convenient sample of sixty patients was recruited from Out Clinic of Faculty of Physical Therapy, Cairo University. They were enrolled and assessed for their eligibility to participate in the study. To be included in the study, the participants were diagnosed clinically with chronic non-specific low back pain by a neurologist. The participants' ages ranged from 20 to 40 years, had low back pain with a minimum duration of Effect of pulsed electromagnetic field on nonspecific low back pain patients 3
Randomization
Informed consent was obtained from each participant after explaining the nature, purpose, and benefits of the study, informing them of their right to refuse or withdraw at any time, and about the confidentiality of any obtained information. Anonymity was assured through coding of all data. They were randomly allocated into experimental and control treatment group by a blinded and an independent research assistant who opened sealed, opaque envelopes that contained a computer generated randomization card.
No subjects dropped out of the study after randomization.
Interventions
Participants were randomly assigned into; experimental group received active electromagnetic field (PEMF) and Conventional physical therapy Protocol. The control group received both sham electromagnetic field and Conventional physical therapy Protocol for 12 sessions over a four-week period. The Conventional physical therapy program for both groups included: TENS therapy for the low back (15 min 3 days/week), with a frequency of 100 Hz and fixed pulse 12 ; ultrasound for 5 minutes, 1 Hz, continuous mode of application 1.5 w/cm 2 . 13 The exercise programs were individually designed based on the patient examination and the clinical findings. The programs consisted strengthening, stretching exercises for the abdominal, back, pelvic, and lower limb muscles, suited to the clinical findings, 3 sessions per week every other day for 1 month. 14, 15 The experimental group received (PEMF) in addition to the conventional protocol were treated with an ASA magnetic field device (Automatic PMT Quattro pro) with frequency of 50 Hz. The patient was exposed to low intensity 20 Gauss of (PEMF) from prone lying position for 20 min/session. 16 The control group received the conventional physical therapy treatment and sham electromagnetic field. The sham device did not produce a radiofrequency electromagnetic field and was identical to the active device. The energy from the active device did not make any sensation, thus it could not be notable from the placebo device. All interventions were applied with an expert physical therapist, who has 10 years of experience in orthopedic physical therapy field.
Outcome measures
The primary outcome measure was pain intensity assessed by a 10-point visual analogue rating scale, with zero indicating no pain while 10 representing the worst pain. 4 The secondary outcomes were (1) the Oswestry Disability Index (ODI), and (2) spinal range of motion. The ODI is a valid tool for measuring the functional disability of LBP across five domains. 0% indicating no disability and 100%, representing a patient that is completely disabled. 6 Each item is scored on a 0 ---5 scale, and the maximum score is 50. 17 Both pain intensity and disability are considered as core outcomes for clinical trials in the field of back pain. 18, 19 The valid Arabic form was completed by each patient. 20 Spinal range of motion was measured by the modified Schober test. A mark 5 cm below and another one 10 cm above the lumbosacral junction. 21 The range of motion (ROM) is the difference between 15 cm and the length measured at the end of the motion. 11 Firstly, for measuring lumbar flexion, the examiner instructed the patient to bend forward into full lumbar flexion, then the distance between the skin marks was measured. Then the examiner instructed the patient to bend backward as much as he can and the distance between skin marks was measured as lumbar extension. For measuring Lateral flexion, the distance from the tip of the index finger to the floor at maximal comfortable lateral flexion was measured.
22
Sample size and statistical analysis To avoid a type II error, a preliminary power analysis [power (1 − ˛ error P) = 0.85, ˛ = 0.05, effect size = 0.87, with a twotailed for a comparison of 2 independent groups] determined a sample size of 25 for each group in this study. This effect size was calculated according after a pilot study of 12 participants (6 in each group) considering the pain intensity as a primary outcome. All statistical measures were performed using the Statistical Package for Social Science (SPSS) program version 20 for windows. Prior to final analysis, data were screened for normality assumption, and presence of outliers. Descriptive analysis using histograms with the normal distribution curve showed that the data were normally distributed and did not violate the parametric assumption for the pain, function, and lumbar flexion, extension, right, and left side bending. Additionally, testing for the homogeneity of covariance using Box's test revealed that there was no significant difference with p values of >0.05. Normality test of data using the Shapiro---Wilk test was used, that reflect the data was normally distributed for the pain, function, and lumbar flexion, extension, right, and left side bending. All these findings allowed the researchers to conduct parametric analysis. Therefore, a 2 × 2 mixed design MANOVA was used to compare the tested variables of interest at different tested groups and measuring periods. The alpha level was set at 0.05 (Table 1) .
Results
A total of 60 patients with chronic non-specific low back pain were eligible for inclusion, and 50 were randomized to study intervention (Fig. 1) . The control group consisted of 25 patients (13 females and 12 males) who only received conventional physical therapy plus placebo PEMF for 4 weeks. The experimental group of 25 patients (12 females and 13 males) who received the same conventional physical therapy, in addition to PEMF for 4 weeks. All randomized patients completed the trial. Statistical analysis using mixed design MANOVA revealed that there were significant within subject effect (F = 40.391, p = 0.0001) and treatment*time Values of all dependent variables are expressed as mean ± SD.
effect (F = 10.51, p = 0.0001*). As well as, there was significant between subject effect (F = 1.626, p = 0.0001*). Tables 2 and 3 present descriptive statistics, within and between groups differences for the effects of interventions for the all dependent variables. Regarding between subject effects multiple pairwise comparisons revealed that there was significant difference of pain, function disability, and lumbar right, and left side bending and significant increase between both groups (p < 0.05) and this significant reduction in pain, disability, and lumbar right, and left side bending and significant increase in lumbar flexion and extension in favor to the experimental group.
Adverse events
There are no adverse events occurred during the study. Effect of pulsed electromagnetic field on nonspecific low back pain patients 5
Discussion
This Randomized Controlled Trial (RCT) study was conducted to investigate the effects of pulsed electromagnetic field therapy with 50 Hz frequency, low intensity of 20 Gauss compared to conventional non-invasive treatment modalities in patients with chronic non-specific low back pain. The findings of the current study revealed that combination PEMF of 50 Hz frequency, with low intensity of 20 Gauss to the conventional physical therapy protocol improved pain intensity, disability and lumbar range of motion.
The different results obtained from the previous studies, may be referred to the different parameters applied. Many studies used high intensity and frequency of the PEMF, while others applied low parameters of the PEMF. 4, 7 Another reason may lead to the difference in the outcome may be due to the inclusion of acute or chronic patients. The present study was conducted with a frequency of 50 Hz with low intensity 20 Gauss (2 mT) of (PEMF) which is the recommended parameters by the World Health Organization. 22 These parameters were effective to decrease pain and disability as well as to increase range of motion. 16 There is strong scientific evidence that the best therapeutic use of magnetic field for treating musculoskeletal disorders involves using pulsed magnetic field over 10 Gauss which support our result. Using specific extremely low frequency pulsed magnetic field, recent investigations have shown that increased analgesia. Rats exposed to a 5 mTMF displayed greater analgesic effects relative to rats in control, saline injection, morphine injection, and naloxone injection groups. 23 In treating lumbar arthritis with 35---40 mT PEMFs, for 20 min daily for 20---25 days successfully treat back pain. Pain greatly diminished with the reduction of secondary neurologic symptoms. 24 In controversy to our results, a study examined the efficacy of the magnetic field treatment combined with conservative treatment of musculoskeletal chronic low back pain symptoms in military service members, there was neither clinically or statistically significant difference between the groups in reducing pain. 10 Some studies did not support the use of magnet therapy in musculoskeletal conditions. Cater et al. 25 concluded that the use of a magnet of 1000 Gauss for reducing pain in carpal tunnel syndrome was no more effective than the use of the placebo device. Trock et al. 26 treated knee osteoarthritis and cervical spondylosis with the pulsating electromagnetic field (10---20 Gauss), these authors reported a significant decline in pain and augmented functional performance of treated patients implementing the effectiveness of PEMF in relieving symptoms in patients with osteoarthritis.
In contrary to our results, Krammer et al., 6 found that applying PEMF of low-dose (0.03 mT), pulsating electromagnetic field with a frequency of 27.12 MHz, in combination with the routine physical therapy treatment add no benefit in patients acute non-specific LBP. Weintraub et al. 27 studied the effect of simultaneous constant application of permanent magnets with magnetic field at the center of the device was 250 Gauss to the back and feet to disrupt and modulate neuropathic pain, but it did not demonstrate any statistical clinical benefit. They explained their result that current devices generated a magnetic field that is not deep enough to penetrate or influence the spinal nerves.
The use of opened sealed envelopes that contained a computer generated randomization card together with single blinding and no subjects drop out were some of the strengths of this study. However, the non guideline approaches and not using double blinding were considered as the weak points of this study.
One of the strengths of the current study in relation to other studies was using the sham device to control for the potential confounders as recommended by Nayback-Beebe et al. 10 Future reviews are required to state the evidence for the recommended parameters of (PEMF) in treating patients with chronic low back pain.
Study limitation
There are some limitations of this study. Firstly, the treatment protocol that applied to both groups is non guideline approaches (in terms of using TENS and Ultrasound).
1 Secondly, the lack of follow-up for patients with chronic low back pain for several periods post rehabilitation programs to evaluate the long term effect of the PEMF therapy in pain, disability, and ROM. 
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